The ability of Vibrio cholerae to adjust to immunological pressure in vivo has been demonstrated in gnotobiotic mice (18) . Inoculation of either an Ogawa or Inaba strain into these bacteria-free mice resulted in a persistent asymptomatic infection. Within 2 weeks after exposure, colonies of the opposite serotype began to appear in the stool and increased in number, only to be replaced by rough vibrios in a few weeks. This disappearance of smooth strains of V. cholerae was correlated with the appearance of circulating antibody in these mice. The rough forms of V. cholerae persisted for many weeks and appeared to represent the end stage of change in any given group of mice. However, propagation of the progeny of one of these rough colonies in fresh gnotobiotic mice produced smooth cholera vibrios not unlike the original culture.
Chronic carriers of V. cholerae have been identified in areas of endemic disease. Three carriers were identified among 81 patients hospitalized in Calcutta, India, during the 1967 cholera season (15) . All three patients had 1 Present address: National Cancer Institute, National Institutes of Health Bethesda, Md. 20014. 2 Present address: Center for Disease Control, Atlanta, Ga. 30333.
Ogawa, biotype eltor, infections on admission. One patient shed only rough vibrios during the 331 days of study before treatment with antibiotics. Immunization of a rabbit with these organisms produced detectable vibriocidal antibody levels in the blood, indicating the presence of some smooth 0 antigens in these rough organisms. Pierce (15) suggested that these forms might be thought of as "partially rough," and capable of reverting to the smooth form in an appropriate environment. The gnotobiotic bacteria-free mouse seems to provide such an environment. Our findings with this rough culture in gnotobiotic mice are presented.
MATERIALS AND METHODS
Cultures. The rough culture of V. cholerae was supplied by N. F. Pierce on a nutrient agar slant. Subsequent growths for inoculation and colony counts were on Trypticase gelatin agar (1% Trypticase
[BBL], 1%S NaCl, 3%7 gelatin, 1.5%o agar, pH 7.4).
The smooth culture of V. cholerae strain VC-12 was classical Ogawa isolated in Dacca, East Pakistan, and stored at 4 C in the lyophilized state (11) .
Mice. The mice were the National Institutes of Health strain of gnotobiotic, bacteria-free mice maintained in germ-free isolators. The absence of bacteria was determined as previously described (18) .
Inoculation and culture procedures. These mice were inoculated by placing 0. 
RESULTS
Selection of smooth V. cholerae. The total vibrio count from the extracts of mouse feces was essentially constant in all the mice (Fig. 1) . Treatment of the fecal extract with guinea pig complement and antirough serum effectively reduced the number of rough colonies and thus facilitated isolation of smooth forms. However, these surviving colonies in the first and second mouse passage were not completely smooth. While they lost the ability to agglutinate in antirough serum, they all retained the ability to agglutinate in acriflavine.
It was not until the third mouse passage that completely smooth colonies began to appear (Fig. 2) . The number of smooth isolates increased to 79% by the second week, before being replaced by rough forms in later weeks. The Ogawa, Inaba, and Hikojima serotypes and the two rough cultures were obtained from these mice. The cultures were saved on gelatin agar slants for the following studies.
Biochemical tests. All five derived cultures (i) agglutinated in group I antiserum, fermented sucrose, and mannose, but not arabinose, (ii) were resistant to polymyxin B, and (iii) agglutinated chick cells ( these organisms in the rabbit skin test are shown in Table 2 . Each isolate from the mice produced a bluing reaction much larger than the original culture. The 1:5 dilution of the Ogawa isolate produced a bluing area similar to the undiluted material from the original culture. One of the rough isolates from gnotobiotic mice had some activity in the 1:5 dilution. None of the isolates had any activity in the 1:25 dilution, whereas the VC-12 culture produced a reaction.
DISCUSSION
This study supports the suggestion of Pierce et al. (15) that rough V. cholerae from convalescent carriers, if placed in an appropriate environment, could become typical smooth V. cholerae. In gnotobiotic mice, the changes were (13) .
These inapparent infections could serve as a mechanism for V. cholerae to change its serotype away from type-specific antibody present in the community. The lack of type-specific INFECT. IMMUNITY antibody in one patient appeared to allow a relapse due to Inaba infection 10 days after the patient was hospitalized with an Ogawa infection (7) . Results of our studies in gnotobiotic mice are consistent with these contentions.
